Objective: Cross-sectional data suggest functional and anatomical disturbances in inferior and orbital frontal regions in bulimia nervosa (BN). Using longitudinal data, we investigated whether reduced cortical thickness (CT) in these regions arises early and persists over adolescence in BN, independent of symptom remission, and whether CT reductions are markers of BN symptoms.
Objective: Cross-sectional data suggest functional and anatomical disturbances in inferior and orbital frontal regions in bulimia nervosa (BN). Using longitudinal data, we investigated whether reduced cortical thickness (CT) in these regions arises early and persists over adolescence in BN, independent of symptom remission, and whether CT reductions are markers of BN symptoms.
Method: A total of 33 adolescent females with BN symptoms (BN or other specified feeding or eating disorder) and 28 healthy adolescents participated in this study. Anatomical magnetic resonance imaging and clinical data were acquired at 3 time points within 2-year intervals over adolescence, with 31% average attrition between assessments. Using a region-of-interest approach, we assessed group differences in CT at baseline and over time, and tested whether between-and within-subject variations in CT were associated with the frequency of BN symptoms.
Results: Reduced CT in the right inferior frontal gyrus persisted over adolescence in BN compared to healthy adolescents, even in those who achieved full or partial remission. Within the BN group, between-subject variations in CT in the inferior and orbital frontal regions were inversely associated with specific BN symptoms, suggesting, on average over time, greater CT reductions in individuals with more frequent BN symptoms.
Conclusion:
Reduced CT in inferior frontal regions may contribute to illness persistence into adulthood. Reductions in the thickness of the inferior and orbital frontal regions may be markers of specific BN symptoms. Because our sample size precluded correcting for multiple comparisons, these findings should be replicated in a larger sample. Future study of functional changes in associated fronto-striatal circuits could identify potential circuitbased intervention targets. B ulimia nervosa (BN) typically begins in adolescence and is characterized by binge-eating and purging or other compensatory behaviors to avoid weight gain. Previous cross-sectional findings from adolescents and adults with BN suggest that disturbances in control, reward, and learning processes underlie these symptoms due, in part, to functional [1] [2] [3] [4] and anatomical 5, 6 alterations in frontostriatal circuits, particularly the inferior and orbital frontal regions. Specifically, reduced cortical thickness (CT) and smaller local volumes on the surface of lateral frontal gyri were found in adolescents and adults with BN relative to their healthy counterparts. 5 Furthermore, volume reductions in bilateral inferior frontal gyrus (IFG) were more pronounced in the participants with BN who engaged in more frequent binge-eating and vomiting episodes. Unclear, however, is whether structural abnormalities in the frontal regions are stable across development, thereby contributing to diagnostic status, or whether these abnormalities are state-based markers of BN symptoms that fluctuate over time. Thus, we used longitudinal magnetic resonance imaging (MRI) data from adolescents with and without BN symptoms to determine whether reduced CT in inferior frontal regions arises early and persists over adolescence in BN, independent of symptom change. Given the role of the the orbital frontal cortex (OFC) in control and reward processes and BN pathophysiology, 4, [6] [7] [8] we also assessed the trajectory of thickness changes in OFC regions. Specifically, we examined whether CT reductions in the inferior and orbital frontal regions constitute trait or state markers of BN and associated binge-eating and purging symptoms.
Many studies have attempted to identify trait and state markers of a range of psychiatric disorders, including anorexia nervosa (AN), [9] [10] [11] [12] depression, 13 bipolar disorder, marker of a disorder is defined as a characteristic that is present only, or at least more pronounced, during acute phases of a disorder, with symptoms fluctuating with levels of that marker. Assessing such trait or state markers of an illness that occur before onset and persist following remission would require substantial resources that would render such a study practically unfeasible. Thus, in the current longitudinal study, we assessed CT early after BN onset and over the course of adolescence. We first tested whether CT in inferior and orbital frontal regions is reduced in BN compared to healthy adolescents and whether these reductions persist over time, even following full or partial remission. Such findings would suggest that reduced CT in these regions is a trait marker of the illness. In addition to illness markers, we can measure trait and state markers of symptoms within a diagnostic group, as CT may show both trait-and statelike properties. Average CT over time in an individual could predict average symptom expression relative to others (i.e., trait). In contrast, CT fluctuations over time relative to an individual's average CT could predict symptom fluctuations over time (i.e., state). Such betweenand within-subject variations can be measured reliably with CT. 16 Thus, we also assessed whether participants' average CT over time predicted the average frequency of their BN symptoms over time, or whether fluctuations in CT over time predicted change in their BN symptoms over time. This question has remained untested in eating disorders, as longitudinal data comprising at least 3 time points are needed to examine such within-subject fluctuations. Moreover, although multiple biomarkers relate to average individual differences in symptoms across a range of psychiatric disorders, 10, [12] [13] [14] [15] substantial within-subject fluctuation in symptom expression occurs over time, and biomarkers of these within-individual fluctuations remain unidentified. 17 Thus, understanding both between-subject and within-subject fluctuations in the thickness of inferior and orbital frontal regions over time may provide a more nuanced understanding of neuroanatomical influences on changes in symptom severity and BN persistence over adolescence.
Although we are unaware of any imaging studies following this approach, the notion that individual characteristics may have both state-and trait-like variance and effects on symptom expression is well established in other fields. For instance, in the personalityÀpsychopathology literature, it is widely acknowledged that both average levels of a given characteristic and the extent to which it is expressed on a given occasion are important predictors of symptom expression within internalizing disorders. 18 In the current study, multilevel modeling makes it possible to identify the symptom correlates of both between-subject and within-subject variability in CT within BN. That is, by decomposing each participant with BN's CT for a given region at each time point into an average value over time and into deviations from that average at each time point, we can examine whether, on average over time, CT is inversely associated with the frequency of BN symptoms (i.e., a trait effect), whether individual fluctuations in CT are inversely associated with the frequency of BN symptoms at each time point (i.e., a state effect), or both.
Thus, herein we assessed whether CT reductions within inferior and orbital frontal regions are trait markers of BN (i.e., reductions in participants with BN versus healthy participants that persist over time), or BN symptoms (i.e., average reductions over time in participants with BN that predict average symptom expression over time). We also assessed state markers of BN symptoms (i.e., within-subject fluctuations in CT at each time point that predicted BN symptoms at each time point).
METHOD Study Participants
Study participants were adolescent females with BN symptoms (n ¼ 33) and healthy controls (HC; n ¼ 28) who were group matched for age, body mass index (BMI), race, and ethnicity. Participants were recruited through local and online advertisements. Participants with a history of neurological illness, past seizures, head trauma with loss of consciousness, mental retardation, pervasive developmental disorder, or current Axis I disorders (other than depressive or anxiety disorders in the BN group) were excluded. Controls had no lifetime Axis I disorders. Axis I disorders were assessed using the KiddieÀSchedule for Affective Disorders and SchizophreniaÀPresent and Lifetime Version. 19 BN symptom severity and prior diagnoses of AN were assessed using the Eating Disorders Examination. 20 Participants in the BN group were included if they had engaged in an average of one loss-of-control eating episode (including both objectively and subjectively large bulimic episodes) and one compensatory episode (self-induced vomiting, laxative/diuretic misuse, or compulsive exercise) per week within the past 3 months, with at least one loss-of-control eating and compensatory episode occurring in the past month. Two follow-up assessments (FU1 and FU2) were conducted, each within 2-year intervals over adolescence. BN symptom severity and the presence or absence of comorbid illnesses were assessed each time point. The research protocol was approved by the Institutional Review Board of the New York State Psychiatric Institute, and all participants gave informed consent or assent before participating.
Image Acquisition and Processing
Image acquisition and processing procedures are detailed in Supplement 1, available online. Whole-brain structural T1-weighted magnetic resonance imaging (MRI) images were acquired using a standard quadrature GE 8-channel head coil and a GE Signa 3T LX scanner (Milwaukee, WI). Processing, including cortical surface reconstruction and volumetric segmentation, was performed in FreeSurfer image analysis suite (version 5.3.0, http://surfer.nmr. mgh.harvard.edu/) using automated and semi-automated tools 21, 22 followed by the longitudinal stream. 23 The cerebral cortex of each participant was automatically parcellated into 6 inferior and orbital frontal regions in each hemisphere (i.e., inferior frontal gyrus pars triangularis, opercularis and orbitalis, medial and lateral orbital gyrus and frontal pole) based on the Desikan-Killiany atlas. 24 Mean CT was extracted from each region, and these values were used in region-of-interest (ROI) analyses.
Statistical Analyses
Stability of CT and BN Symptoms Over Time. Pearson correlation coefficients were calculated to examine the stability of CT and BN symptoms from baseline to FU1, FU1 to FU2, and baseline to FU2.
Group Differences in CT Over Time. Growth curve models examined the following: group (BN versus HC) differences in CT at baseline; group differences in the rate of change in CT over time; and the persistence of group differences in CT over time. These analyses were then repeated after including only those adolescents with BN who showed more than a 50% symptom reduction in the frequency of their core BN symptoms between their baseline and last assessments, calculated as the sum of the frequency of objective bulimic episodes (OBEs) and self-induced vomiting episodes over the past 28 days. This 50% criterion was chosen in an attempt to retain as many participants as possible in our analyses, given that few participants met more stringent criteria for remission.
Trait Versus State Effects of CT on BN Symptoms. The second set of analyses examined whether reduced CT in frontal regions in the BN group constitutes a trait or state marker of binge-eating and purging behaviors. Specifically, between-subject/trait predictors were calculated by averaging participants' CT scores over time. Within-subject/state CT predictors were calculated by subtracting each participant's average CT over time from that individual's raw CT value at each time point. These values therefore represented deviations at each time point from each participant's own average CT. Multilevel models then tested simultaneously whether between-and within-subject variation in CT was associated with the frequency of OBEs and vomiting episodes over the 28 days prior to scanning. Between-subject effects would reveal whether participants who had, on average, reduced CT in a given region over time relative to other participants also engaged in more or fewer BN symptoms over time (i.e., trait effects) relative to other participants. In contrast, within-subject effects test whether changes in CT from each participant's own average levels of CT from one time point to the next predict fluctuations in symptom frequency at each time point (i.e., state effects). Because significant change in CT over time was detected in several regions, participants with only baseline data (n ¼ 6) were excluded from these analyses to avoid biased estimation of their mean CT over time.
Growth curve and multilevel models were conducted using SAS PROC MIXED (version 9.3). Both modeling approaches permit the analysis of unbalanced data (i.e., unequal numbers of data points among participants because of varying numbers of time points completed). These models make use of all available data via maximum likelihoodÀbased estimation. 25 Growth curve models regressed CT on time (months from baseline), group status (HC versus BN), their interaction, and age at baseline (in years), thereby controlling for possible maturational differences in CT due to baseline age. For the multilevel models, a first-order autoregressive covariance structure was used to accommodate expected correlations between unexplained variance from one time point to the next. BetweenÀwithin degrees of freedom were used. To control for maturational effects on symptoms as well as naturalistic changes in symptoms over time, multilevel models adjusted for the effects of baseline age and months elapsed since baseline, rendering our prediction of BN symptoms very conservative. All models included a random effect for the intercept and fixed effects for predictors.
Effects of Medication and Comorbidities. Both comorbid depression or anxiety and the use of selective serotonin reuptake inhibitors (SSRIs) may influence changes in both CT 26, 27 and BN symptoms 28, 29 over time. Thus, growth curve and multilevel models were conducted with these additional time-varying covariates (i.e., comorbid depression or anxiety and current SSRI use) at each time point. Because these covariates did not appreciably affect our findings (Tables S1 and S2 , available online), they were not included in the models reported below.
RESULTS

Study Participants
Demographic and clinical characteristics are shown in Table 1 . Baseline data was available from 33 adolescents with BN and 28 healthy adolescents. Of the 33 adolescents with BN, 22 met DSM-5 criteria for BN. The remaining 11 met criteria for other specified feeding or eating disorder (OSFED) with subjective or objective loss-of-control eating episodes 30 and compensatory behaviors to avoid weight gain (i.e., OSFED-BN), and were included because adolescents with less severe BN symptoms tend to engage in more frequent binge-eating and purging behaviors over time. 31, 32 Baseline demographic and clinical characteristics across BN subtypes are presented in Table S3 (available online). FU1 MRI and clinical/demographic data were available from 27 adolescents with BN and 22 HC adolescents (mean time from baseline ¼ 15.7 months, SD time from baseline ¼ 6.182), and FU2 data from 18 adolescents with BN and 12 HC adolescents (mean time difference from FU1 ¼ 14.8 months, SD time difference from FU1 ¼ 3.275). The 31 participants with any missing data did not differ significantly from the 30 with complete data from all time points in terms of baseline demographic characteristics, CT, or symptom severity in the BN group (all p >.05). Thus, data were missing at random and were therefore appropriately estimated via maximum likelihood methods in a multilevel analytic framework. 25 Figure S1 (available online) depicts each assessment point and corresponding age of each participant over the course of the study (see Table S4 , available online, for statistical details on the time intervals between assessments across groups). Of the 33 adolescents with BN included in the study, 17 showed more than 50% reduction in the frequency of their core BN symptoms between their baseline and last assessments. Baseline demographics and clinical ratings did not differ across those 17 adolescents with BN showing symptom remission over time and the remaining 16. 
Stability of CT and BN Symptoms
Group Differences in CT Over Time
Findings from growth curve models including all participants with BN are summarized in Table S6 (available online). All models' residuals were normally distributed. Group effects (i.e., average group differences in CT at baseline) were detected in bilateral frontal pole (left: p ¼ .020; right: p ¼ .047) and IFG pars opercularis (left: p ¼ .015; marginal effect in right: p ¼ .056), with thinner cortices in the BN relative to control adolescents (Table S7 , available online). No significant group-by-time interactions were detected, suggesting that these group differences persisted over www.jaacap.org time. Findings from the growth curve models including only the adolescents with BN whose symptoms improved by more than 50% between their baseline and last assessments are summarized in Table 2 and Figure 1 , with detailed statistical results presented in Table S8 (available online). Significant group effects (i.e., baseline group differences, Table 2 and Figure 1 ) were detected in right IFG pars opercularis (right: p ¼ .030) and orbitalis (p ¼ .021), with CT reduced in BN relative to HC. No significant group-by-time interactions were detected, suggesting that these reductions persisted following partial remission in BN. CT point slope estimates were computed for each region/year (0, 12, 24, and 36 months) to further assess the persistence of group differences over time. Contrast comparisons of CT in each region at each year revealed group differences that remained in right IFG pars opercularis and orbitalis (Table 3 and Figure 1 ). Table 3 also presents the magnitude of the group differences, calculated as the mean group difference divided by the residual standard deviation. 33 
Trait Versus State Effects of CT on BN Symptoms
Results from multilevel models are summarized in Table 4 with detailed statistical results presented in Table S9 (available online). All models' residuals were normally distributed. Between-subject effects ( Table 4 ) emerged such that the adolescents with BN with reduced CT in the left frontal pole (p ¼ .020) reported more frequent binge-eating episodes. Similarly, reduced CT in the right IFG pars orbitalis (p ¼ .009) and lateral orbital frontal cortex (OFC; p ¼ .049) was significantly associated with more frequent vomiting episodes. No significant within-subject effects were detected.
DISCUSSION
This longitudinal study examined whether reductions in the thickness of frontal regions are trait or state markers of BN and/or binge-eating and vomiting behaviors. Growth curve models revealed CT reductions in inferior frontal regions that persisted over time in adolescents with BN relative to their healthy counterparts, even among those whose symptoms fully or partially remitted over the course of the study. Thus, reduced CT in these regions may be a trait marker of BN, potentially contributing to its development and persistence over adolescence and young adulthood. Our findings further suggest that between-subject variations in the thickness of inferior and orbital frontal regions may be trait markers of binge-eating and vomiting behaviors in BN. Although a handful of cross-sectional MRI findings point to potential trait and state markers of AN in remitted patients, [9] [10] [11] [12] this is the first study to use a longitudinal approach to identify trait and state markers of BN and specific BN symptoms. These findings contribute to our understanding of how these regions that support control, reward, and learning processes are involved in the pathophysiology and persistence of BN and BN symptoms.
We detected reduced CT in the IFG and frontal pole at baseline in participants with BN compared to healthy adolescents, although frontal pole reductions were no longer significant when including only the adolescents with BN who achieved full or partial remission over time. CT reductions in right IFG (pars opercularis and orbitalis) remained stable over time, even following full or partial symptom remission. Reductions in right IFG pars orbitalis remained stable when participants with BN with subclinical symptoms were excluded from growth curve analyses, suggesting that reduced CT in this IFG subregion may be a more robust marker of BN. These findings are consistent with previous cross-sectional findings of reduced local volumes on the surface of (and reduced CT in) lateral frontal areas in a different sample of BN relative to control participants, with local volume reductions in the inferior and middle frontal cortices becoming more prominent with advancing age. 5 Previous structural MRI studies of individuals with BN are sparse, with mixed results. Early studies suggest increased cerebrospinal fluid in BN compared to control participants, 34, 35 perhaps pointing to widespread reductions in gray and/or white matter volumes. More recent findings show enlarged medial orbital frontal cortex in adults with BN, 6, 36 although other studies report no alterations in gray matter volume in acutely ill (local volumes 37 ) or remitted (total volume 38 ) patients with BN. In contrast, we detected persistent reductions in the thickness of the right IFG over time in partially remitted adolescents with BN. These latter cross-sectional studies Note: a Remission is defined as at least 50% reduction in the frequency of objective binge-eating episodes and vomiting episodes between baseline and last assessment. b Group coded as healthy control ¼ 0, bulimia nervosa ¼ 1; time coded as months from baseline; age coded as years at baseline. used voxel-based morphometry to assess brain structure in adults with and without BN, whereas we assessed longitudinal structural changes in adolescents, using a methodology that does not share the inherent limitations of voxelbased morphometry approaches. [39] [40] [41] [42] Thus, discrepancies between the previous findings and ours may be due to such methodological differences across studies or to differences in the demographic and clinical characteristics of the samples studied (i.e., adults versus adolescents; DSM-5 BN versus OSFED diagnostic criteria). Nevertheless, our findings should be replicated in a larger sample.
Similar to studies of AN 9,11 and depression, 13 this approach of assessing brain structure in individuals ill and remitted from a given disorder permits understanding of whether CT may be a trait versus state marker of that disorder. Examining the effects of between-versus withinsubject variations in CT on the frequency of binge-eating and purging behaviors is a novel approach, permitting assessment of CT in frontal regions as trait or state markers of BN symptoms. To our knowledge, this approach has not been previously applied in clinical neuroscience. Multilevel modeling allowed us to determine whether adolescents with BN who, on average, had greater CT reductions over time also had more severe symptoms (i.e., trait effects), and whether individual fluctuations in CT were associated with symptoms over time (i.e., state effects). Within the BN group, significant between-subject effects of frontal CT on symptoms were detected. Specifically, on average over time, those with the least CT in the left frontal pole engaged in more frequent OBEs, and those with the least CT in the right IFG pars orbitalis and lateral OFC engaged in more frequent vomiting episodes. Thus, reductions in these regions may be trait markers of symptom expression in adolescents with BN. No significant within-subject effects were detected, suggesting that reductions in the thickness of frontal regions are not state markers of BN symptoms.
An alternative explanation for our findings is that BN symptoms may have a scarring effect on brain structure, thereby contributing to reductions in CT over time. For instance, time pointÀtoÀtime point fluctuations in symptoms, such as purging and also food restriction, could lead to acute changes in CT, which would be reflected by deviations in CT at each time point. Such a possibility is consistent with evidence that episodes of purging and food restriction may lead to reduced brain volumes via the depletion or lack of bodily fluids. 43 Similarly, chronically frequent BN symptoms may result in long-term alterations in CT, which would be reflected by reduced mean CT over time. Finally, brain structure and BN symptoms may also show transactional effects such that symptoms contribute to CT reductions that, in turn, contribute to the persistence or worsening of symptoms. Although such scarring or transactional effects should be assessed in future longitudinal studies, this is the first to assess neuroanatomical trait and state markers of symptom expression in BN, providing a more nuanced understanding of the relation of such markers to the persistence and expression of binge-eating and purging during adolescence.
Associations of inferior and orbital frontal abnormalities with BN symptoms have been documented in anatomical 5, 6 and functional [2] [3] [4] MRI studies of BN. For example, we previously detected, in another sample of participants with BN, volume reductions in the inferior frontal regions that were greatest in individuals who engaged in the most frequent binge-eating and vomiting episodes, 5 consistent with the between-subject effects of inferior frontal CT on symptom frequency detected herein. Fronto-striatal circuits support a range of cognitive functions, including control, reward, and learning processes. 44 Thus, reduced thickness of the inferior and orbital frontal regions may account, in part, for deficits in these processes in BN 45, 46 and for deficient activation of these regions during performance of inhibitory control, reward, and learning tasks. 2, 3, 47, 48 These functional deficits may, in turn, underlie the binge-eating and purging behaviors that characterize BN, thereby mediating our observed associations between CT and the severity of BN symptoms.
Although this is the first longitudinal anatomical study of individuals with BN, it is limited by the modest sample size combined with attrition. Although some participants dropped out of the study over time, participants with missing data did not differ significantly from those with complete data in terms of demographic characteristics, CT, or symptom severity at baseline. Thus, data were missing at random, and our growth curve and multilevel models, via the use of FIGURE 1 Group differences in cortical thickness (CT) over time. Note: Top images show group differences in CT at baseline; line graphs show differences yearly based on point slope estimates at 0, 12, 24, and 36 months. Remission is defined as at least 50% reduction in the frequency of objective bulimic episodes (OBEs) and vomiting episodes between baseline and last assessment. BN ¼ bulimia nervosa; HC ¼ healthy control; IFG ¼ inferior frontal gyrus.
maximum-likelihood estimation, 25 allowed participants with missing data to contribute to model estimation. This analytic approach is one of the gold-standard methods for dealing with attrition, 25 an inevitable consequence for longitudinal studies, especially of adolescents. 49 Given the low power due to our modest sample size, we did not correct for multiple tests, which were conducted within 12 different brain regions (6 per hemisphere), thereby increasing the risk of type I error. We thus underscore the importance of interpreting these findings with caution prior to replication in a larger sample. In addition, 33% of our BN sample met DSM-5 criteria for OSFED-BN at baseline, consistent with the presentation of BN symptoms in early adolescence 30 ; however, our modest sample size precluded testing the differential effects of BN and OSFED-BN on our outcome measures.
To retain as many participants with BN as possible in our analyses, we defined remission as a 50% reduction in symptoms, because few participants met more stringent criteria for remission (i.e., only 12 showed more than 75% reduction, and only 3 fully remitted). Thus, residual ongoing BN symptoms in that subgroup may have contributed to the observed CT reductions over time. Future studies should assess whether such reductions persist following long-term full remission and indeed qualify as a trait marker. Although our stability analyses revealed that CT in the inferior and orbital frontal regions that associated with symptoms was highly stable over time in both groups, inclusion of more time points in future studies could ensure more representative estimates of average CT over time. Furthermore, the absence of CT data from participants prior to the onset of BN or BN symptoms precludes testing whether reduced CT in inferior frontal regions precedes and predicts the development of BN. Moreover, a trait effect on BN symptoms was detected in the right lateral OFC, but CT in this region did not differ significantly across groups. Future studies should examine whether reduced CT in this region is uniquely associated with BN or BN symptoms, or is instead a nonspecific marker that may relate to characteristics common in BN and healthy individuals with subclinical eating, weight, or body image concerns. Finally, the absence of a clinical control group precluded examining whether findings are BN specific or instead generalize to other eating Average CT over time is used as the between-subject predictor. Our results provide the first longitudinal evidence of neuroanatomical trait markers of BN and symptom expression within BN. In particular, reduced CT in the right inferior frontal regions may represent a trait marker of the illness that persists over time, even after symptom remission. Moreover, we provide the first evidence that CT reductions in specific inferior and orbital frontal regions may represent trait markers of specific BN symptoms. Future studies should assess functional changes in these regions over adolescence in individuals with BN to determine whether, for example, deficient engagement of these regions and of fronto-striatal circuits is also a trait marker of the illness or of specific BN symptoms. Such longitudinal data, together with the present findings, will allow the development of novel, early interventions for the prevention of persistent BN symptoms that target the enhanced functioning of these regions and circuits. & SUPPLEMENT 1
METHOD Image Acquisition
Whole-brain magnetic resonance imaging (MRI) scans were acquired using a standard quadrature GE 8-channel head coil and a GE Signa 3 Tesla LX scanner (Milwaukee, WI). Structural images were collected using a high-resolution T1-weighted FSPGR pulse sequence (inversion time 500 milliseconds, echo time 2.5 milliseconds, repetition time 6.3 milliseconds, one excitation, matrix size 256 Â 256, field of view Â 25 cm, flip angle Â 11, number of slices 164, slice thickness 1 mm encoded for sagittal slice reconstruction, providing voxel dimensions of 1 mm isotropic).
Image Processing
Image processing, including cortical surface reconstruction and volumetric segmentation, was performed in FreeSurfer image analysis suite (version 5.3.0, http:// surfer.nmr.mgh.harvard.edu/) using automated and semi-automated tools.
1,2 Briefly, T1-weighted images were registered to Talairach space, intensity variations corrected, and nonbrain tissues (i.e., skull or extracerebral regions) removed. Data from each participant were segmented into gray and white matter, and a triangular tessellation cover was applied to each individual scan before the image was inflated for visualization of cortical surfaces within sulci. Each scan was then transformed into a parameterizable surface to ensure accurate alignment to a reference template, and the cerebral cortex was divided into parcels based on gyri and sulci positioning. Note: OBEs ¼ objective bulimic episodes; Oper ¼ pars opercularis; orb ¼ pars orbitalis. a Average CT over time is used as the between-subject predictor. b Deviation at each time point from each participant's own average CT over time is used as the within-subject predictor.
